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The morbidity and mortality associated with diabetic complications impose a huge socioeconomic burden worldwide. Therefore, the
ultimate goal of managing diabetes mellitus (DM) is to lower the risk of macrovascular complications and highly morbid microvas-
cular complications such as diabetic nephropathy (DN) and diabetic retinopathy (DR). Potential benefits of incretin-based therapies
such as glucagon-like peptide 1 receptor agonists (GLP-1 RAs) and dipeptidyl peptidase-4 (DPP-4) inhibitors on the diabetic macro-
vascular complications have been recently suggested, owing to their pleiotropic effects on multiple organ systems. However, studies
primarily investigating the role of these therapies in diabetic microvascular complications are rare. Nevertheless, preclinical and lim-
ited clinical data suggest the potential protective effect of incretin-based agents against DN and DR via their anti-inflammatory, anti-
oxidative, and antiapoptotic properties. Evidence also suggests that these incretin-dependent and independent beneficial effects are
not necessarily associated with the glucose-lowering properties of GLP-1 RAs and DPP-4 inhibitors. Hence, in this review, we revis-
it the preclinical and clinical evidence of incretin-based therapy for DR and DN, the two most common, morbid complications in in-
dividuals with DM. In addition, the review discusses a few recent studies raising concerns of aggravating DR with the use of incre-
tin-based therapies.
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INTRODUCTION

The ultimate goal of maintaining euglycemia in individuals with
diabetes mellitus (DM) is to lower the risk of morbidity and
mortality associated with diabetic complications. Accordingly,
the UK Prospective Diabetes Study (UKPDS) reported that
compared with the conventional group, the intensive group
showed a significant risk reduction by 12% in the any diabetes-
related aggregate endpoint, which was mainly due to a 25% risk
reduction in microvascular endpoints [1]. Moreover, this inten-

sive glycemic control led to the lower rates of cardiovascular
events and diabetes-related mortality 10 years later [2]. Howev-
er, in the Korean diabetic population, the prevalence of diabetic
complications remains high; the prevalence of diabetic nephrop-
athy (DN) was 30.3% in 2016, and that of diabetic retinopathy
(DR) was 15.9% in 2015 [3]. Unfortunately, these numbers are
not significantly decreasing despite a huge improvement in anti-
diabetic therapies over the last few decades. Thus, an antidia-
betic medication that exerts additional protective effects against
diabetic complications beyond glycemic control [4] would cer-
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tainly be ideal to further reduce diabetes-related morbidity and
mortality.

Incretins are a family of gut hormones that include glucose-
dependent insulinotropic polypeptide and glucagon-like peptide
1 (GLP-1) [5]. Recognition of the glucoregulatory role exerted
by these intestinal hormones eventually led to the recent devel-
opment of novel, targeted therapies for the treatment of type 2
diabetes mellitus (T2DM) [4]. Incretin-based therapies, such as
GLP-1 receptor agonists (GLP-1 RAs) and dipeptidyl pepti-
dase-4 (DPP-4) inhibitors, which inhibit the degradation of
GLP-1 by DPP-4, have been introduced into the market in the
past decade to overcome the short half-life of the endogenous
incretin effect [6]. A body of evidence suggests that the pleiotro-
pic effects that these incretin-based therapies possess result in a
better glycemic profile, weight loss, and favorable macrovascu-
lar and microvascular outcomes [7]. Moreover, the low risk of
hypoglycemia with incretin-based drugs can reduce the concern
of hypoglycemia-induced aggravation of vascular outcomes [8].

Recently, there have been multiple clinical trials to determine
the efficacy and cardiovascular safety of GLP-1 RAs and DPP-
4 inhibitors [9-14]. In these trials, the impact of these agents on
the microvascular complications is not well elaborated and the
interpretation can be limited because the microvascular out-
comes were reported as the secondary endpoint. Considering
the morbidity and economic burden due to microvascular com-
plications, more evidence is needed to evaluate the efficacy and
safety of incretin-based drugs using microvascular complica-
tions as the primary endpoint. Hence, by reviewing the avail-
able, up-to-date evidence in the literature, we evaluate the ef-
fects of incretin-based therapies on DN and DR and the mecha-
nisms through which these therapies exerted protective effects
against these diabetic microvascular complications. In addition,
we here address the recent issue of potential adverse effect of
incretin-based therapies in DR [10,15].

POTENTIAL MECHANISM OF INCRETIN-
BASED THERAPIES IN PROTECTING
AGAINST MICROVASCULAR
COMPLICATIONS

Fig. 1 illustrates various pathways through which incretin-based
therapies can potentially exert beneficial effects on diabetic mi-
crovascular complications. Incretins induce insulin secretion
and suppress glucagon secretion, which improve hyperglycemia
and insulin resistance [16]. As a result, reduced oxidative stress
and advanced glycation end products (AGEs) lead to vasculo-
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protective effects [17,18]. We have previously reviewed the
pleiotropic and protective effects of native GLP-1 and GLP-1
RAs on the vascular endothelium and inflammatory cells in ad-
dition to their effects on glycemic control [6]. Both the direct ef-
fect of GLP-1 on the microvasculature and the improvements in
glycemic control and insulin resistance via the “incretin-depen-
dent pathway” can contribute to the beneficial effects on micro-
vascular complications.

In addition, a body of evidence suggests that incretin-based
therapies exert anti-inflammatory, antioxidant, and antiapoptotic
effects in the vasculature via incretin-independent pathways [4].
This phenomenon has been well demonstrated in studies involv-
ing DPP-4 inhibitors, since DPP-4 has actions on other sub-
strates, in addition to its actions on incretin hormones. For ex-
ample, DPP-4 exhibits protease activities on substrates such as
stromal cell-derived factor 1a (SDF-1a), brain natriuretic pep-
tide, and neuropeptide Y-1 (NPY-1); these substrates have been
suggested to have regulatory effects on vascular function, such
as vascular tone regulation, inflammation, cell migration, and
cell differentiation [19]. Taken together, these findings suggest
that these incretin-dependent and independent mechanisms of
GLP-1 RAs and DPP-4 inhibitors can exert potentially benefi-
cial effects on diabetic microangiopathies (Fig. 1).

EVIDENCE OF INCRETIN-BASED
THERAPIES IN PROTECTING AGAINST
MICROVASCULAR COMPLICATIONS

GLP-1 and DN

Obesity and T2DM are associated with progressive loss of renal
function that could eventually result in chronic kidney disease
(CKD) and end-stage renal disease [20,21]. Expression of GLP-
1 receptors in both animal and human kidneys has been identi-
fied, especially in the glomeruli and proximal tubules [22-24].
Moreover, the increased renal DPP-4 activity in the overnutri-
tion/obese state [25] and the downregulated GLP-1 receptor ex-
pression in the glomeruli in a diabetic rat model [26] indicate
the potential benefits of incretin-based therapies against DN.

In fact, accumulated evidence from preclinical studies sug-
gests that GLP-1 RAs exert renoprotective effects via numerous
mechanisms. Mima et al. [27] demonstrated that exendin-4, a
GLP-1 RA, mediates its renoprotective action in the glomerular
endothelial cells by inhibiting angiopoietin-2 signaling and sup-
pressing downstream inflammatory reactions, as supported by
decreased mRNA levels of inflammatory markers such as plas-
minogen activator inhibitor 1 (PAI-1) in the renal cortex of dia-
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Fig. 1. Schematic representation of the pleiotropic effect of incretin-based drugs with respect to chronic diabetic vascular complications.
Modified from Aroor et al. [4], with permission from American Physiological Society. GLP-1 RA, glucagon-like peptide-1 receptor agonist;
GLP-1R, glucagon-like peptide-1 receptor; GIP, gastric inhibitory peptide; AGE, advanced glycation end product; DPP-4, dipeptidyl pepti-
dase-4; SDF-1a, stromal cell-derived factor 1a; EPC, endothelial progenitor cell; BNP, brain natriuretic peptide; NPY-1, neuropeptide Y-1;

1L, interleukin.

betic rodents. Similarly, Ishibashi et al. [28] observed that GLP-
1 inhibited receptor for AGE (RAGE) gene expression in me-
sangial cells, further reducing reactive oxygen species genera-
tion, and the gene and protein expression of monocyte chemoat-
tractant protein-1 (MCP-1) in AGE-exposed mesangial cells. In
addition, in a study using a streptozotocin (STZ)-induced rat
model of type 1 diabetes mellitus (TIDM), a 4-week adminis-
tration of another GLP-1 RA, liraglutide, reversed the abnormal
elevation of the oxidative stress markers, NAD(P)H (nicotin-
amide adenine dinucleotide phosphate) oxidase, transforming
growth factor B (TGF-B), fibronectin, and urinary albumin ex-
cretion, all of which were induced by STZ treatment [29]. Inter-
estingly, these phenomena were observed with unchanged plas-
ma glucose levels and body weights [29]. Taken together, these
studies suggest that GLP-1 directly exerts renoprotective effects
in both glomerular endothelial cells and mesangial cells in addi-
tion to glycemic control, by minimizing oxidative stress and in-
flammation.

Clinical evidence of renoprotective effects of GLP-1 RAs, al-
beit limited, exists. In a study of 31 T2DM patients, subjects
were randomized to a GLP-1 RA arm (exenatide) or a sulfonyl-
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urea arm (glimepiride) [30]. After 16 weeks of treatment, 24-
hour urinary albumin, urinary TGF-B1, and type IV collagen
were significantly lower in the exenatide group than in the
glimepiride group, with no significant difference in the glyce-
mic control between the groups [30]. These findings suggest a
direct benefit of exenatide in individuals with DN via anti-in-
flammatory and possibly antifibrotic mechanisms, independent
of its glucose-lowering effect. In addition, GLP-1 injection to
obese individuals with insulin resistance, who were overtly
healthy, induced natriuresis without altering potassium excre-
tion [31]. von Scholten et al. [32] observed antihypertensive ef-
fects as well as reversible reductions in albuminuria with a short
regimen of liraglutide treatment (i.e., 7 weeks) in 31 participants
with T2DM. In the latter study, similar results were reported
when the investigators performed a 1-year extension study [33],
indicating persistent hemodynamic improvement induced by
GLP-1 RAs by diminishing volume expansion and glomerular
hyperfiltration.

In the Liraglutide Effect and Action in Diabetes: Evaluation
of Cardiovascular Outcome Results (LEADER) trial, which ob-
served favorable cardiovascular outcomes with the use of lira-
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glutide, the risk of nephropathy was investigated as the second-
ary endpoint [11]. In this study, a long-term (i.e., 42 to 60
months) treatment with liraglutide also resulted in a reduced
risk of DN (hazard ratio [HR], 0.78; 95% confidence interval
[CT], 0.67 to 0.92; P=0.003), defined as the development of
new onset macroalbuminuria, a doubling of the serum creati-
nine level and an estimated glomerular filtration rate (¢GFR) of
<45 mL/min/1.73 m?, the need for continuous renal-replace-
ment therapy, or death from renal disease [11]. In the Trial to
Evaluate Cardiovascular and Other Long-term Outcomes with
Semaglutide in Subjects with Type 2 Diabetes (SUSTAIN-6),
the risk of new or worsening nephropathy was also observed as
the secondary outcome, which included persistent macroalbu-
minuria, persistent doubling of the serum creatinine level and an
eGFR of <45 mL/min/1.73 m?, or the need for continuous re-
nal-replacement therapy [10]. In this study, the HR of new or
worsening DN was 0.64 (95% CI, 0.46 to 0.88; P=0.005), fur-
ther emphasizing the renoprotective roles of GLP-1 RAs in DN.
Results from upcoming large-sized studies, such as the Exena-
tide Study of Cardiovascular Event Lowering (EXSCEL) trial
of exenatide or the Researching CV Events with a Weekly In-
cretin in Diabetes (REWIND) trial of dulaglutide, could clarify
whether these renoprotective results are a class effect.

DPP-4 inhibitors and DN
In a rat model of T1DM, administration of DPP-4 inhibitors for
8 weeks resulted in an increased serum concentration of active
GLP-1, a decreased urinary albumin excretion, and an amelio-
rated DN histology [34]. DPP-4 inhibitors prevented macro-
phage infiltration, downregulated inflammatory molecules, and
suppressed nuclear factor-kB (NF-kB) activity in the kidney
[34]. All of these effects were observed without significant
changes in glycemic profiles, suggesting that DPP-4 inhibitors
exert anti-inflammatory and antifibrotic renoprotective effects
by increasing the serum concentration of active GLP-1. Such
renoprotective effects of commercially available DPP-4 inhibi-
tors, including sitagliptin, linagliptin, and vildagliptin, have also
been demonstrated in numerous animal studies [35-38].
However, the increased activity of NPY owing to the inhibi-
tion of DPP-4 (i.c., an incretin-independent effect) has been
suggested in an animal model, which enhances the renovascular
effects of angiotensin I1 [39,40]. Therefore, it is possible that the
enhanced NPY activity owing to the inhibition of the protease
activity of DPP-4 ameliorate the effect of antihypertensives
such as angiotensin-converting enzyme inhibitors (ACEi). This
finding raises a concern, because ACEi are commonly pre-
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scribed as first-line antihypertensive agents to control blood
pressure in patients with DM, who might also be using DPP-4
inhibitors. However, in the aforementioned studies, there was
no evidence that the enhanced NPY activity led to aggravated
DN. Moreover, inhibition of diverse substrate-specific actions
following administration of DPP-4 inhibitors can lead to various
downstream results (Fig. 1). Therefore, more study results will
be needed to assess the overall risk-benefit of administering
DPP-4 inhibitors in humans.

A few clinical studies also demonstrated the effects of DPP-4
inhibitors on the renal function of patients with DM. Sitagliptin
[41], alogliptin [42], vildagliptin [43], and linagliptin [44] de-
creased albuminuria in patients with T2DM. Interestingly, the
effect of sitagliptin in reducing albuminuria was observed 6
months after the initiation of therapy, for which the authors sug-
gested that the lowering effect of eGFR by sitagliptin was de-
pendent on improved dysglycemia and blood pressure [41,45].
However, because the serum levels of high-sensitivity C-reac-
tive protein and soluble vascular cell adhesion protein 1 were
also reduced after 6 months of sitagliptin treatment in this study
[41], it is plausible that some anti-inflammatory properties of
the DPP-4 inhibitor had contributed to this effect. Fujita et al.
[42] conducted a crossover study of T2DM patients who were
treated with sitagliptin for 4 weeks, switched to alogliptin for 4
weeks, and then returned to sitagliptin treatment for an addi-
tional 4 weeks. Interestingly, urinary albumin and oxidative
stress marker (i.e., 8-hydroxy 2’-deoxyguanosine [§-OHdG])
levels significantly decreased and the plasma SDF-1a level sig-
nificantly increased during the alogliptin treatment compared to
the levels during the sitagliptin treatment [42], suggesting that
alogliptin exerts a stronger renoprotective effect via an incretin-
independent, antioxidant mechanism. In addition, administra-
tion of linagliptin for 24 weeks reduced the albumin-creatinine
ratio by 32% compared to 6% in the placebo group, without
significant changes in hemoglobin Alc (HbAlc) and blood
pressure [44]. Hence, it is still unclear whether DPP-4 inhibitors
exert their renoprotection via direct effects, better glycemic con-
trol, or both.

Some large clinical trials included renal outcome as their sec-
ondary endpoint. For example, the Saxagliptin Assessment of
Vascular Outcomes Recorded in Patients with Diabetes Melli-
tus-Thrombolysis in Myocardial Infarction (SAVOR-TIMI 53)
trial reported a significant reduction in albuminuria, when ex-
amining the treatment difference in the number and proportions
of patients with worsening, no change, or improvement in albu-
min/creatinine ratio, pre-specified as a shift from baseline cate-
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gory at 1, 2 year, and end of treatment [13].

The Efficacy, Safety and Modification of Albuminuria in
Type 2 Diabetes Subjects with Renal Disease with LINAgliptin
(MARLINA-T2D) study [46] was a 24-week, prospective, ran-
domized, placebo-controlled, phase 3b clinical trial. It evaluated
the renal outcomes (i.e., albuminuria and progression of CKD)
as the primary endpoint in T2DM patients who had pre-study
DN and were receiving current standard of care, including ACEi
or angiotensin receptor blockers. In this study, linagliptin re-
duced the urinary albumin/creatinine ratio, but not to a statisti-
cally significant extent when adjusted for the results of the pla-
cebo group (i.e., mean change, —6.0%; 95% CI, —15.0 to 3.0;
P=0.1954) [46]. There was no new case of CKD, but linagliptin
did not significantly affect eGFR of the subjects [46]. The in-
vestigators of the MARLINA-T2D study proposed that their
study subjects showed lower reductions in albuminuria com-
pared to those in the SAVOR-TIMI 53 study, because the
MARLINA-T2D study population contained insufficient num-
bers of advanced CKD patients to fully unveil the anti-albumin-
uric effect of linagliptin [46]. Nevertheless, consistent with the
results of the aforementioned preclinical studies, these clinical
trials also support the potentially renoprotective effect of DPP-4
inhibitors, although the exact mechanism is yet to be discov-
ered.

GLP-1 and DR

DR is a major diabetic microvascular complication that can lead
to decreased visual acuity and blindness [47]. Increased vascu-
lar permeability, edema, recruitment of inflammatory cells, ele-
vated cytokine levels, tissue damage, and neovascularization
have been observed in DR, implicating oxidative stress and in-
flammation as the key mechanisms [48].

Early signs in the pathogenesis of DR include retinal neuro-
degeneration [49] and vascular leakage due to damage to the
blood-retinal barrier (BRB), which is formed by tight junction
structures that link retinal vascular endothelial (VE) cells [50].
Albeit limited, evidence exists that GLP-1 RAs might reverse
these early pathologic findings in DR [49,51]. Hernandez et al.
[49] first identified the expression of GLP-1 and GLP-1 recep-
tors in the human retina, and observed that systemic treatment
with liraglutide prevented retinal neurodegeneration in db/db
mice via activation of the AKT pathway, which is essential for
the survival of retinal neurons. In this study, liraglutide, native
GLP-1, lixisenatide, or exenatide was also administered topical-
ly to delineate whether the protective effect of GLP-1 against
DR was attributable to its glucose-lowering effect. As a result,
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topical administration of each of the aforementioned agents rep-
licated the same protective effect, suggesting that GLP-1 and
GLP-1 RAs exert neuroprotective effects in the retina of a dia-
betic animal model, regardless of the blood glucose levels and
the type of GLP-1 RA [49].

Intraocular pressure-induced retinal ischemia-reperfusion in-
jury provides a useful model of DR that is characteristic of vas-
cular endothelial growth factor (VEGF)-driven vascular perme-
ability followed by inflammatory response that maintains BRB
loss [52]. Goncalves et al. [51] used this technique to induce
BRB breakdown and inflammation, and observed that treatment
with exendin-4 significantly reduced the BRB permeability,
which was associated with a decreased mRNA expression of
proinflammatory cytokines, including interleukin-1p (IL-1p),
IL-6, tumor necrosis factor, and C-C motif chemokine ligand 2.
In addition, because the intraocular pressure-induced retinal
ischemia-reperfusion injury model does not alter systemic meta-
bolic pathways, the authors concluded that the protective effect
of GLP-1 against DR was attributable to its direct effect on dia-
betic retinas beyond glycemic control [51]. They also observed
reduced inflammatory response to lipopolysaccharide and in-
hibited NF-kB activation with exendin-4 treatment in cultured
cells [51]. Similarly, Fan et al. [53] observed that intravitreal in-
jections of exendin-4 in a rat model protected BRB from vascu-
lar leakage via the downregulation of tight junction proteins
(i.e., claudin-5 and occludin). Taken together, these findings
suggest that GLP-1 and GLP-1 RAs possess a protective effect
against DR by reversing and preventing early changes, such as
neurodegeneration and BRB permeability, via their antiapoptot-
ic and anti-inflammatory mechanisms.

Unlike the protective effect observed in the aforementioned
preclinical studies, studies on the role of GLP-1 and GLP-1 RAs
in humans are limited and inconclusive. For example, in 2011,
Varadhan et al. [54] observed transient worsening of DR in 30%
of diabetic subjects treated with GLP-1 RA, which was associ-
ated with a rapid reduction in HbAlc levels. This finding was
rather surprising because, theoretically, incretin-based drugs,
such as GLP-1 RA, were considered to have very low capacities
to provoke hypoglycemia, which is a risk factor for aggravating
DR as garnered from previous studies [55]. These results clearly
emphasize the need for further clinical studies to evaluate the
potential effectiveness of GLP-1 RA for DR.

Several recent clinical trial results evaluating cardiovascular
safety have reported DR as the secondary outcome. In the
LEADER study, the incidence rate of DR, defined as the need
for retinal photocoagulation or treatment with intravitreal
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agents, vitreous hemorrhage, or the onset of diabetes-related
blindness, was slightly higher in the liraglutide group (i.e., 0.6
events/100 patient-years) than in the placebo group (i.e., 0.5/100
patient-years), and the HR for DR was 1.15 (95% CI, 0.87 to
1.52), although it did not reach statistical significance (P=0.33)
[11]. Because the differences in glycemic control between the
two treatment groups over a long period of follow-up (a median
of 3.8 years) were subtle (i.e., a mean difference, —0.40% points;
95% CI, —0.45 to —0.34), the possibility of GLP-1 RAs worsen-
ing DR independently of glycemic control cannot be ruled out,
despite the lack of statistical significance.

In September 2016, SUSTAIN-6 study investigators reported
the superiority of semaglutide for cardiovascular complications
[10]. However, in this study, rates of DR (vitreous hemorrhage,
blindness, or conditions requiring treatment with an intravitreal
agent or photocoagulation) were significantly higher in the
semaglutide group (HR, 1.76; 95% CI, 1.11 to 2.78; P=0.02)
than in the placebo group [10]. As a response to rising concerns
of the potential association of GLP-1 RAs and DR, further in-
sights were provided by the SUSTAIN-6 investigators at the
77th scientific session of the American Diabetes Association
[56]. There were 79 DR events that were adjudicated by an ex-
ternal event adjudication committee (EAC), 50 (3.0%) of which
occurred in the semaglutide arm and 29 (1.8%) in the placebo
arm [56]. Further analysis revealed that the subjects with EAC-
confirmed events had a longer duration of diabetes, higher
HbAlc levels, and higher percentages of insulin treatment,
which suggests that those with the DR events during the study
period had more progressed DM at baseline [56]. In addition,
those with the retinopathy events had much higher incidences of
DR medical history, proliferative diabetic retinopathy (PDR),
and treatment with laser therapy or intravitreal agents due to the
PDR; they also showed a much steeper, dose-dependent decline
in HbA1c within the first 16 weeks, compared with that of the
overall study population [56]. Subgroup analysis revealed that,
among patients without a history of DR, the risk of retinopathy
complications was low and comparable for both the semaglu-
tide and placebo arms [56].

There are several noteworthy points that should be addressed
before drawing any premature conclusions on the association
between GLP-1 RAs and the progression of DR. First, the SUS-
TAIN-6 study had a shorter duration of follow-up (i.e., 2 years)
compared to that of the LEADER study (i.e., 3.8 years). Hence,
this shorter follow-up period could not have provided enough
time to obtain a sufficient outcome using the standard methods
for measuring DR progression [7,10,11]. There also was a lack
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of detailed evaluation for the DR at the initiation of the trials.
For example, a criterion for dilation, as well as a grading system
of the retinopathy did not exist, and any study investigator, op-
tometrist, or ophthalmologist could perform the examinations
[7,56]. Hence, data from future clinical trials of GLP-1 RAs
with DR as an outcome with more precise randomization and
detailed evaluation of DR at baseline and at follow-up should be
accumulated to judge whether this is a class effect. Moreover,
the beneficial effect of GLP-1 on outcomes other than DR
should always be considered when evaluating the risk-benefit
profile of GLP-1 RAs, because favorable cardiovascular and re-
nal outcomes can lead to overall reductions in morbidity and
mortality among patients with DM.

DPP-4 inhibitors and DR

Goncalves et al. [57] evaluated the effect of sitagliptin adminis-
tration on the changes in the tight junction in a T2DM animal
model (i.e., Zucker diabetic fatty rats); thereby, determining the
permeability of BRB, a hallmark of DR development. In this
study, 6-week treatment with sitagliptin (10 mg/kg/day) resulted
in a better glycemic outcome, and prevented the changes in the
glucose-mediated damage of the BRB [57]. Sitagliptin adminis-
tration did not alter the total level of tight junction proteins (i.e.,
occludin and claudin-5), but it attenuated the intracellular accu-
mulation of these proteins that was induced by DM [57]. This
redistribution of tight junction proteins implicates junctional
complex stabilization, which leads to maintenance of BRB in-
tegrity, leading to the protective effect of sitagliptin against DR
[57].

In addition, Goncalves et al. [57] observed that sitagliptin ad-
ministration ameliorated the decrease in the number of endothe-
lial progenitor cells (EPCs) in a T2DM animal model. EPCs are
stem cells that are indicative of the endogenous endothelial re-
generative capacity and neovascularization, through which vas-
cular protection is provided (Fig. 1) [58], and T2DM is associ-
ated with reduced circulating EPCs [59]. Collectively, findings
from this preclinical study suggest that sitagliptin attenuates di-
abetes-related damages to the BRB by stabilizing the tight junc-
tion proteins and by enhancing vascular homeostasis through
the mobilization of EPCs. This team also observed similar anti-
inflammatory and antiapoptotic effects of sitagliptin in the retina
of STZ-induced animal models [60], indicating that similar
mechanisms might exist in the setting of T1DM. Treatment with
vildagliptin in Otsuka Long-Evans Tokushima Fatty rats
(OLETF rats), an animal model of obese T2DM, resulted in re-
duced gene expression levels of inflammatory and thrombogen-
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ic markers, such as VEGF, intercellular adhesion molecule 1,
PAI-1, and pigment epithelium-derived factor, in the retina [61],
showing beneficial effects of vildagliptin on retinal injury in
T2DM animal models.

Recently, opposing study results were reported by Lee et al.
[15]. Using various in vivo and in vitro DR models, they dem-
onstrated that DPP-4 inhibitors increased vascular permeability
through the SDF-1a/C-X-C chemokine receptor type 4
(CXCR4) axis, followed by Src activation and phosphorylation
of VE-cadherin. Because these were the first data showing an
association between DPP-4 inhibitors and increased vascular
permeability in the retina, albeit preclinical, concerns of the
safety of incretin-based drugs with DR in T2DM patients were
raised.

To date, limited clinical studies exist with regard to the effect
of DPP-4 inhibitors on EPCs and DR. Fadini et al. [62] showed
that a 4-week administration of sitagliptin elevated circulating
EPCs in T2DM human subjects already treated with metformin
and/or insulin secretagogues. Moreover, this increased level of
EPCs was associated with upregulation of SDF-1a [62], which
is a chemokine that promotes the mobilization of EPCs from
bone marrow into the circulation by binding to its receptor,
CXCR4 [63]. This finding is consistent with that of the afore-
mentioned preclinical study that observed the amelioration of
decreased EPC mobilization upon sitagliptin administration in a
T2DM animal model [57].

Retinal hyperperfusion is an early hemodynamic change in
DR, and a clinical study to investigate the effect of saxagliptin
on these early retinal microvascular changes in patients with
T2DM was conducted [63]. In this double-blind, placebo-con-
trolled, cross-over trial of 50 patients with T2DM, 6 weeks of
saxagliptin treatment resulted in normalization of the retinal
capillary flow and improved central hemodynamics [64].

Therefore, taken together, it is plausible that the pharmaco-
logic inhibition of DPP-4 can exert an incretin-independent, ret-
inoprotective effect via the upregulation of the SDF-10/CXCR4
pathway, which in turn restores the number of EPCs, enhances
vascular homeostasis, and possibly normalizes early DR-related
hemodynamic changes in the retinas of human subjects with
T2DM. A single, opposing preclinical study result would not
outweigh the multiple clinical benefits that we have observed
from the aforementioned studies to date, but the multiple limita-
tions of these studies do warrant a careful interpretation. Never-
theless, the possibility of DR aggravation by DPP-4 inhibitors
should not be overlooked; thereby, emphasizing the need for
more clinical data to clarify this disparity and better understand
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safety outcomes that are associated with the use of DPP-4 in-
hibitors.

CONCLUSIONS

Incretin-based therapies possess potent, pleiotropic effects that
are beneficial in glycemic control and in vascular protection. To
date, most GLP-1 RAs and DPP-4 inhibitors have shown good
efficacy and safety profiles in both preclinical and clinical stud-
ies. The beneficial effects of these incretin-based therapies,
through various mechanisms that are dependent and indepen-
dent of glycemic improvement, indicate additional advantages
against microvascular complications beyond glycemic control.
Some preclinical and clinical study results have questioned the
association between incretin-based therapies and the progres-
sion of DR. Due to the limitations of these studies, such as
short-term follow-up periods and an imprecise method of evalu-
ating retinopathy, any premature conclusion should be avoided.
Nevertheless, in a clinical setting, evaluation of retinopathy be-
fore and during the administration of GLP-1 RAs or DPP-4 in-
hibitors, as well as a slower rate of glycemic control in patients
with uncontrolled hyperglycemia prior to administration of
these agents might be helpful strategies, given that progression
of DR was associated with the existence of retinopathy at base-
line and faster HbA 1¢ reduction. Results from upcoming trials,
such as the EXSCEL trial of exenatide and the REWIND trial
of dulaglutide, are critical to strengthen the potential benefits
and to clarify the recently raised concerns regarding the possible
association between incretin-based therapies and the progres-
sion of DR.
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